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NASA-KQ 


CALORIGENIC EFFECT OF ADRENALINE IN RATS 
UNDER CONDITIONS OP RESTRICTED MOTOR ACTIVITY 

Bv L. Tomaszewska, H. Kaciuba-Uscilko , and S. Kdzlowski 

The previous studies of the authors demonstrated that long-term restricted /75* 
motor activity in rats induces a decrease in body weight [9] , increase in release 
of adrenaline and decrease in the release of noradrenaline with the urine [8] , as 
well as a reduction in activity of the thymus gland and level of thyroxin in the 
blood [6] . At the same time a decrease was found in the internal body temperature, 
that is accompanied by an increase in the rate of metabolism in a state of rest 
[9] . The goal of this work is to clarify whether the calorigenic effect of adrena- 
line under conditions of increased metabolism in the period of immobility is ex- 
posed to changes. 

The studies were conducted on albino rats of the Wistar strain, weighing 160- /76 
180 g. 

In the control periods the rats spent a week in metabolic cages. Their rate 
of main metabolism was measured, and the calorigenic effect of adrenaline (Pol 1 fa) 
administered subcutaneous ly in a dose of 50 jjg/100 g of body weight was determined. 

*Numbers in margin indicate pagination in original foreign text. 
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Both the rate of metabolism in the state of rest, and the calorigenic effect 
of adrenaline were evaluated based on measurements of oxygen absorption by the 
organism. The oxygen absorption analyses were made in a closed system [5] . On 
the 10th and 21st day of stay of the rats in the special hypokinetic cages the 
analyses of the metabolic rate and calorigenic effect of adrenaline (50 pg/100 g 
of body weight) were repeated. In addition in six rats a study was made of the 
calorigenic effect of a large dose of adrenaline (100 ^g/100 g) under control condi- 
tions on the 21st day of restricted motor activity. 

After 21 days of staying in hypokinetic cages the rats were transferred to 
metabolic cages, where they stayed for another 21 days. On the 1st, 10th and 21st 
day after return to conditions of normal motor activity the measurements described 
above were repeated. 

In all the rats and additionally in the 20 control rats daily portions of urine 
were taken and the quantity of adrenaline in them was determined according to the 
method of Von Euler and Lishajko [3] . 

1. RATE OP METABOLISM IN STATE OP REST (OXYGEN ABSORPTION) 

The rate of oxygen absorption increased to a statistically reliable degree 
(d 4,0.001) from 28.1 to 42.3 ml/min/kg already after 10 days of restricted motor 
activity, and to 49.1 ml/min/kg after 21 days of hypokinesia. 

After return to normal conditions of motor activity (in metabolic cages) , 
still after 10 days the rate of oxygen absorption was significantly increased (38.1 
ml/min/kg) (dX. 0.001) , returning to amount close to the control only after 21 days 
(Table 1) . 
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TABLE 1. CHANGES IN RATE OP METABOLISM IN STATE OP REST (OXYGEN ABSORPTION IN 
ml/kg/min) UNDER THE INFLUENCE OP RESTRICTED MOTOR ACTIVITY 


'control, Normal) Hypokinesia 

• • i .. i j • i .. _ J. 

Slormal Me or Activity After 
Hypokinesia 

•motor Activity t 

llO Days 

' * 

21 Days 

1 Day * 10 Days 

21 Days 

Metabolism M 28.1 42.3 

Sustances E 0.98 3.18 

At rest D 0.001 0.001 

49.1 1 43.2 ' 38.1 

1.97 2.56 1.37 

o.ooi 0.001 0.001 

CO 

in 

• • l 
o o 
cn 
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Key: 

M. Average E. Standard error D. Confidence level 


2. CALORIGENIC EFFECT OP ADRENALINE 


Injection of adrenaline (50 pg/100 g of body weight) induced under control 
conditions an Increase in oxygen absorption (28.1 to 36.7 ml/min/kg) (d 4 0.001) . 
Injection of 100 |jig/100 g increased the rate of oxygen absorption from 29.3 to /78 
40.9 ml/min/kg (Figure 1) . 
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Figure 1. Above! Absorption of Oxygen Under Conditions of Hypokinesia 

White columns 1 — control, columns with dots after injection of adrenaline. 
Below.' Excretion of Adrenaline with Urine Under Conditions of Hypo- 
kinesia (black dots), control: white dots. In both cases the average 

amounts are given with their standard error. 
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Already after 10 days of restricted motor activity the rats lacked a calori- 
genic reaction to the adrenaline injection. It was also missing after 21 days of 
hypokinesia, and then after a dose of 50 pg/100 g and after injection of 100 |jg/100 g. 

After injection of adrenaline in a dose of 50 jjg/100 g, after 21 days of 
restricted motor activity of the rats in the majority of animals the rate of oxygen 
absorption was somewhat reduced (on the average from 49 ml to 41.9 ml, d A0. 001) . 

The calorigenic effect of adrenaline appeared again only after 21 days of 
return of the animals to normal motor activity, and then only in seme of the rats 
(in 3 out of 7) . However, this effect was still '.onsiderably weaker than in the 
control conditions. Oxygen absorption rose in the group of animals where the ef- 
fect of this hormone was found on the average from 29.9 ml/min/kg to 34.0 ml/min/kg. 

Among the rats who received adrenaline in a dose of 100 j,ig/100 g, the body 
weight dropped by half under influence of the injection employed on the 21st day 
of restricted motor activity. 

3. EXCRETION OF ADRENALINE WITH URINE 

The occurrence of change in adrenaline excretion with urine is presented in 
Figure 1. In the control period (rats in one of the metabolic cages) excretion 
of adrenaline with urine was maintained on a constant level. After movement of 
the. animals to hypokinetic cages adrenaline excretion gradually rose (from the 5th 
day differences were statistically reliable, d 40.001) , starting with about the 
10th day it was stabilized on a level over two times greater than excretion of this 
hormone in the control conditions. 
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Return of the rats to normal (control) conditions of motor activity in the 
metabolic cages induced a very slow, gradual drop in adrenaline excretion, which 
reached the control level only after about 4 weeks. 

The results of the presented study confirm the increase in the rate of meta- 
bolism in the state of rest in rats under conditions of restricted motor activity 
completely described by Tomas zewsku and Pocsopko [9] . This most likely is the 
reason, at least partially, for the drop in body weight in the animals under these 
conditions. One can assume that one of the factors inducing the unexpected phen- 
omenon of a rise in metabolic rate at rest is the decrease in the thenaal insulation 
of the animals (decrease in the subcutaneous fatty tissue, exacerbation in the insu- 
lation quality of the fur) . /79 

In this situation the lower critical temperature must be reduced, and the 
increase in metabolic rate would be a thermal regulating reaction. Stimulation of 
the cerebral matter in the adrenal glands and increase in adrenaline secretion in 
the studied situation [8] agree with this hypothesis. The high level of endogenous 
adrenaline in circulation of the brain in turn can be the cause of the lack of reac- 
tion to exogenous adrenaline. Swanson [7] found in rats a decrease in calorigenic 
effect in a medium of low temperature, i.e., under conditions in which excretion of 
endogenous adrenaline rises. 

The absence of a calorigenic effect of adrenaline was still maintained for a 
long period of time after return of the animals to a condition of normal motor 
activity. Attention is drawn here to the similarity with the slow return of adrena- 
line secretion with the urine to control amounts after the end of hypokinesia. 
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A small decrease in the metabolic rate at rest after injection of small doses 
of adrenaline to rats in a period of restricted motor activity can be linked to 
its effect on the behavior of the animals noted under these conditions. One should 
stress the death of a number of animals after injection under such conditions of 
a large adrenaline dose. The dependence of the pharmacological effects of a num- 
ber of drugs on the level of motor activity of the animals has been described by 
Wisniewski et al . , [10] . 


REFERENCES 

1. Bartsch, P.; Choinawski, H. and Eckelmann, W. : Acta biol. med, jgerm. , 1971, 
26, 1187. 

2. Bezhaniyan, S. A. Regulyatsiya funkt sii v razlichnyye vozrastnyye periody 
["Regulation of Function in Different Age Periods"] , Kiev. 

3. Euler, U. S. V., and Lishajko, F.: Acta Physiol. Scand. , 1961, 51, 348. 

4. Xa France, L.; Rousseau, S.; Begin-Heick, N. and Le Blanc, J.: Proc. Soc. 

Exp. Bio l. Med . , 1972, 139, 157. 

5. Lyszczarz, J.: Acta Physi ol. Pol. 1964, 15, 297. 

6. Reklewska, B.; Tcmaszewska, L.; Kaciuba-Uscilko, H. and Kozlowski, S.: Bull. 

Acad . Pol. Sci.: Cl. II 1972, 20, 685. 

7. Swanson, H. E.: Endoc rinology , 1957, 60, 205. 

8. Tcmaszewska, L.; Kaciuba-Uscilko, H.; Reklewska, B.; Sobocinska, J.; and 

Kozlowski, S.: Space Life Sci . , 1971, 3, 174. 

9. Tcmaszewska, L. and Poczopko, P.: Acad. Pol. Sci.,, Cl. II 1972, 20, 743. 

10. Wisniewski, K.: Materi aly z Sympo zjum w Bialowiezy, 1971. 


6 


